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Sriapa Bunpet 2011: Application of Zeolite from Bagasse Ash for Dyes Removal from MoHom
Textile Wastewater. Master of Science (Environmental Science and Technology), Major Field:
Environmental Science and Technology, Division of Science. Thesis Advisor: Miss Prapa

Sohsalam, Ph.D. 121 pages.

This work studied on the efficiency of zeolite from bagasse ash for dyes removal of Astrazon blue
and Basic red 46 from synthetic wastewater by batch adsorption. The effect of operating condition such as
sorbent dosage of zeolite bagasse ash, contact time, pH and concentration of dyes in synthetic wastewater
were observed. The result showed that Astrazon blue removal by using zeolite from bagasse ash and standard
zeolite were not different significantly. The optimum conditions of zeolite from bagasse ash and standard
zeolite of 0.5 g in the synthetic wastewater of 20 mg/1 of basic dye at pH of 5 could be reached to equilibrium
within 30 minutes. Percentage of Astrazon blue removal by using zeolite from bagasse ash and standard
zeolite were 98.95 and 98.43. The optimum conditions of basic red 46 adsorption for zeolite from bagasse ash
and standard zeolite was 0.8 g in 20 mg/1 of basic dye wastewater at pH 5. At this condition could be reached
to equilibrium within 240 and 180 minutes for zeolite from bagasse ash and standard zeolite. Percentage of
Basic red 46 removal by using zeolite from bagasse ash and standard zeolite were 89.73% and 79.23% The
adsorption isotherms of Astrazon blue and Basic red 46 fitted well with Langmuir equation at the maximum
sorption capacities were 54.9 and 15.72 mg/g of zeolite. The efficiency of dye removal and COD removal of

zeolite from bagasse ash by batch experimental were.76.73% and 72.41%

Continuous adsorption was investigated for basic dyes removal from MoHom textile wastewater.
The effect of operating condition such as concentration of dyes, flow rate, Hydraulic Retention Time and
sorbent dosage in fixed bed column were investigated. The result showed that the optimum condition of the
fixed bed reactor was 42 g of zeolite from bagasse ash and concentration of dyes 2 mg/1 through column fixed
bed at flow rated of 0.9 I/hr. Percentage of basic dyes removal was 78.77%. The efficiency of dye removal

and COD removal of zeolite from bagasse ash by continuous experimental were.56.97% and 86.05%

Student’s signature Thesis Advisor’s signature
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Chemical Compositionint
Typical Oxide Formula: Na,0-Al,0,'Si0,"4.5H,0
Typical Unit Cell Content: Na,,[(AlO,0,),,(Si0,),,]1:27H,0, psudo cell and 8X for true cell
Variations: Si/Al=~0.7 to 1.2; occlusion of NaAlO, in B-cages
Crystallographic Data
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Unit Cell Constants: a=12.32 A, psudo cell X-Ray Powder Data: Table 4.26



34

M519N 2 (AD)

Structural Properties

Framework: Stereo 2.16 Cubic array of B-cages linked by D4R units
Channel System: SBU: D4R Void volume: 0.47 cc/cc

Cage type: O, B Framework density: 1.27 g/cc
Hydrated —

Free Apertures: Three- dimensional, ” to [100];4.2 A and

Cation Locations: ” to [111];2.2 A minimum diameter
Dehydrated —

Free Apertures: 2.2 A into B—cage and 4.2 A into Ol —cage

Cation Locations: 8 S, on 6- ring, 4 cations with H,O in the 8 -rings

Effect of Dehydration: ~ None on framework, 4 cations move to S,
Location of H,0O Molecules: Dodecahedral arrangement in Ol-cage
4 molecules in B-cage
Lasgest Molecule Adsorbed: C,H, atRT, O, at-183 \

Kinetic Diameter, O, A: 3.9 and 3.6

3 Breck (1974)
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0 0 0 0 0

0.1 88.475 79.05 81.22 82.92
0.2 95.22 95.39 95.48 95.36
0.3 96.17 95.05 93.39 94.87
0.4 98.90 98.81 99.56 99.20
0.5 99.11 99.15 99.56 99.27
0.6 98.68 99.48 97.06 98.41
0.8 98.59 97.23 98.89 98.24
1.0 99.20 98.73 99.65 99.19
1.5 96.69 99.48 97.81 97.53
2.0 95.74 97.81 96.98 96.84
2.5 98.42 98.23 96.06 98.38
3.0 99.20 97.56 98.39 98.38
3.5 97.86 98.23 96.89 97.66
4.0 97.21 95.48 85.47 92.16
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a1 (u) 19 1 17 2 17 3 Aunag
0 0 0 0 0
2 90.89 87.01 87.49 88.46
6 92.94 90.51 91.12 91.52
10 93.65 94.81 93.88 94.11
20 94.89 96.41 96.02 95.77
30 99.53 98.31 98.56 98.80
40 99.71 98.91 99.01 99.21

60 99.18 97.51 97.65 98.11
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a1 (W) it 1 it 2 it 3 Aunde
90 99.89 97.51 98.05 98.48
120 99.62 99.41 99.26 99.43
150 99.00 99.15 99.18 99.11
180 98.81 99.01 99.44 99.09
240 98.73 98.21 98.99 98.64
330 99.80 99.81 99.17 99.59
360 98.73 99.61 98.54 98.96
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10 99.94 99.48 99.82 99.75
20 99.98 99.58 98.79 99.45
40 97.72 98.45 97.94 98.04
60 96.00 97.87 97.91 97.26
80 98.48 98.37 97.68 98.18
100 97.59 97.31 96.80 97.23
120 86.77 85.18 86.43 86.13
140 87.86 87.78 86.33 87.32
160 89.18 89.50 86.13 88.27
180 86.60 88.39 87.42 87.47
200 87.13 84.37 85.14 85.55
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3 96.58 82.02 84.52 90.25
4 97.59 99.45 99.60 98.88
5 99.94 98.51 98.39 98.95
6 99.83 99.97 98.49 99.43
7 99.75 99.87 98.91 99.51
8 99.79 98.62 98.17 98.86
9 99.86 99.82 99.44 99.71
10 99.63 99.61 99.55 99.60
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Ysuadlelad(n.) 17 1 19 2 17 3 Aunag
0 0 0 0 0
0.1 40.71 36.36 40.71 39.26
0.2 46.24 48.81 46.64 47.23
0.3 52.57 55.73 55.73 54.68
0.4 66.40 67.98 67.39 67.26
0.5 68.77 70.36 68.77 69.30
0.6 7431 75.49 74.90 74.90
0.8 79.84 81.42 81.23 80.83
1.0 80.63 79.45 79.84 79.97
1.5 81.82 77.47 77.07 78.79
2.0 82.21 80.63 78.66 80.50
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2.5 80.24 81.82 80.04 80.70
3.0 79.45 79.84 79.64 79.64
35 79.84 75.10 75.69 76.88
4.0 78.66 75.89 75.49 76.68
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6 25.30 25.14 25.22 25.22
10 27.27 26.88 27.09 27.08
20 36.76 37.40 37.08 37.08
30 42.69 41.10 4191 41.90
40 49.01 49.12 49.08 49.07
60 55.73 54.94 55.35 55.34
90 55.96 56.84 56.38 56.34
120 61.16 61.80 60.29 61.39
150 66.40 66.20 66.30 66.30
180 72.35 71.84 72.27 72.95
240 81.45 81.16 80.92 81.10
330 80.24 79.74 80.61 80.37
360 80.63 80.23 80.43 80.43
420 80.39 80.33 80.74 80.10
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519N a7 Uszansamlumsmiaadon Basic red 46 Tagldanuduuadoudien

ANVTNTUE (Un./a.) i 1 i 2 i 3 Aunao
10 84.73 85.26 86.31 85.43
20 84.8 82.40 84.00 83.73
40 75.96 79.52 79.94 78.47
60 69.00 72.62 71.59 71.07
80 67.37 71.47 69.46 69.43
100 74.46 71.00 71.26 72.24
120 68.03 66.43 65.47 66.64
140 66.69 65.18 66.57 66.15
160 70.18 68.80 67.43 68.80
180 70.64 70.18 67.43 69.42
200 66.28 66.40 65.60 66.09

H Aa A o . % 1 I 1
ﬂ1§1\‘iN‘H'Jﬂﬁ ng ﬂigﬁ'ﬂ‘ﬁﬂTWGlUﬂWﬁﬂﬁ]ﬂﬁg@ﬂJ Basic red 46 lagdsumanuilunsa-aig

(WeW)N 2-10

I

g

N0y 19 1 17 2 7 3 Aunay
0 0 0 0 0
2 15.29 16.60 15.96 15.95
3 53.72 54.15 53.95 53.94
4 85.77 86.96 86.38 86.37
5 90.51 91.30 90.92 90.91
6 87.61 87.19 88.42 87.74
7 89.46 87.92 88.65 88.68
8 89.80 89.33 89.58 89.57
9 90.37 90.18 89.95 90.16
10 83.40 83.26 83.14 83.27
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a a ay S a A A a 9 a 7 o ¢ ) )
M519WUINT A9 UTU1UATOY Astrazon blue 61141!']?(@'\1!.?]31814!,“@Qﬂ@ﬂ@‘]ﬂlﬂ?ﬂjﬂ"]ﬂ@llaﬁﬁ\‘llﬂi'lgﬂ%'lﬂ!ﬂ"lalf"l‘u@ﬂﬂllﬂﬂFN

Y

iminglelad  anudududdouninde Usgannm
¢ (mg) x(mg) x/m(mg/g) InC Inx/m 1/C 1/ (x/m) o
() C(mg/1) MIMIATIOU(%)
0 21.6400 2.164 0.000
0.1 3.7120 0.371 1.793 17.928 1.312 2.886 0.269 0.056 82.85
0.2 1.0029 0.100 2.064 10.319 0.003 2.334 0.997 0.097 95.37
0.3 0.5434 0.054 2.110 7.032 -0.610 1.950 1.840 0.142 97.49
0.6 0.2658 0.027 2.137 3.562 -1.325 1.270 3.762 0.281 98.77
0.8 0.2676 0.027 2.137 2.672 -1.318 0.983 3.737 0.374 98.76
1 0.1749 0.017 2.147 2.147 -1.744 0.764 5.718 0.466 99.19
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a a ay . S Ay o s A A a Y = 7w 7 Y, Y,
M319NUINT A10 15U veIagoN Basic red 46 11414!Wﬁﬂﬂuﬁﬂlﬂﬁ'lgTHN@Qﬂ@jﬂ@]ﬂﬂ')ﬂ?ﬂ“ﬁi@lla@lﬁﬂlﬂﬁ’]xﬁ%’]ﬂ!ﬂr]ﬂu@f)fJLL‘U‘UW\?

v

9

dhuindle'lad  anudududdoniide UszanFam
¢ (mg) x(mg) x/m(mg/g) InC Inx/m 1/C 1/ (x/m) s o ay
(2) C(mg/l) MsMInddon(%)
0 34.17 3.417 0.000
0.1 21.70 2.170 1.247 12.470 3.077 2.523 0.046 0.080 36.49
0.2 18.17 1.817 1.600 8.000 2.900 2.079 0.055 0.125 46.82
0.3 16.27 1.627 1.790 5.967 2.789 1.786 0.061 0.168 52.39
0.6 8.40 0.840 2.577 4.295 2.128 1.457 0.119 0.233 75.42
0.8 6.92 0.692 2.725 3.406 1.934 1.226 0.145 0.294 79.75
1 6.65 0.665 2.752 2.752 1.895 1.012 0.150 0.363 80.54
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d' a =S g; =¥ [ ¢ A a a 9 = 4 a
MINNUINN A1l YT 1v09T Astrazon blue 611!1!1’6’(8@%?[%?]3181’“%@@ﬂ@ﬂ@]@ND@?SWI@“Q%NWQ?:@WH%H@ A UM

Y v

g lelad  anudududdouimae Yszdniam
¢ (mg) x(mg) x/m(mg/g) InC Inx/m 1/C 1/ (x/m) o
(2 C(mg/1) MsmInddon(%)
0 21.24 2.124 0.000
0.1 1.36 0.136 1.988 19.880 0.307 2.990 0.735 0.050 93.60
0.2 0.95 0.095 2.029 10.145 -0.051 2.317 1.053 0.099 95.53
0.3 0.84 0.084 2.040 6.800 -0.174 1.917 1.190 0.147 96.05
0.6 0.24 0.024 2.100 3.500 -1.427 1.253 4.167 0.286 98.87
0.8 0.21 0.021 2.103 2.629 -1.561 0.967 4.762 0.380 99.01
1 0.17 0.017 2.107 2.107 -1.772 0.745 5.882 0.475 99.20
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v

dhuindle'lad  anudududdoniinde UszanFam
¢ (mg) x(mg) x/m(mg/g) InC Inx/m 1/C 1/ (x/m) o
(2) C(mg/l) MsMInddon(%)
0 29.4300 2.943 0.000
0.1 17.6300 1.763 1.180 11.800 2.870 2.468 0.057 0.085 40.10
0.2 14.4100 1.441 1.502 7.510 2.668 2.016 0.069 0.133 51.04
0.3 11.5300 1.153 1.790 5.967 2.445 1.786 0.087 0.168 60.82
0.6 4.3700 0.437 2.506 4.177 1.475 1.430 0.229 0.239 85.15
0.8 4.2000 0.420 2.523 3.154 1.435 1.149 0.238 0.317 85.73
1 3.3900 0.339 2.604 2.604 1.221 0.957 0.295 0.384 88.48

001
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2 [l

A4

Ysuadlelad(n.) 1 1 11 2 11 3 Aunao
0 0 0 0 0
0.1 94.88 93.62 93.47 93.99
0.2 95.23 95.51 94.93 95.22
0.3 96.35 96.02 96.47 96.28
0.4 98.77 98.09 99.04 98.63
0.5 99.11 99.12 99.64 99.29
0.6 99.03 99.03 98.78 98.95
0.8 98.99 98.95 99.21 99.05
1.0 99.29 99.20 99.21 99.23
1.5 99.46 99.12 99.04 99.21
2.0 98.68 98.60 99.12 98.80
2.5 97.91 98.26 98.35 98.17
3.0 98.08 98.04 98.14 98.09
3.5 97.86 98.17 97.41 97.82
4.0 97.30 97.23 97.24 97.26

M519WuInH 2 Uszansanlumsi

[

Iaddou Astrazon blue Ing1¥5zaznarduiaaiag

I

P2

Iy

a1 (ui) 19 1 17 2 19 3 Aunag

0 0 0 0 0

2 90.27 86.31 85.45 87.34
6 91.07 89.33 90.25 90.22
10 94.31 90.07 92.12 92.17
20 93.38 92.01 90.62 92.00
30 93.62 91.90 95.34 93.62
40 99.71 96.67 96.67 98.43
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a1 (W) it 1 it 2 it 3 Aunde
60 99.20 99.24 99.14 99.19
90 99.41 99.43 98.62 99.15
120 99.80 99.71 99.61 99.71
150 99.13 99.56 99.36 99.35
180 99.00 99.79 99.79 99.47
240 98.64 99.43 99.05 99.04
330 99.11 99.33 98.94 99.13
360 98.91 98.11 98.55 98.52
420 98.73 98.41 99.61 98.92

M1 93 Uszansanlumsi

[

g

9 9 Yy 9 9 !
fdou Astrazon blue laglFanuduiuddonnian

Y [

2 [

E4 [

ANMTUTUE (Un./a.) H19 1 H19 2 19 3 Aunae
0 0 0 0 0
10 99.93 99.78 99.69 99.80
20 99.10 98.86 99.18 99.05
40 97.36 97.18 98.14 97.56
60 95.66 95.82 95.49 95.66
80 94.61 94.32 94.38 94 .44
100 92.77 92.93 92.06 92.59
120 88.82 86.95 86.03 87.27
140 87.84 84.31 85.01 85.72
160 87.65 86.11 85.00 86.25
180 84.77 87.24 83.54 85.18

200 79.74 81.99 81.16 80.96
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Y [

A

Nioy 19 1 11 2 i 3 Aunae
0 0 0 0 0
2 16.16 17.43 16.81 16.80
3 82.25 83.07 81.45 82.26
4 93.65 94.22 93.95 93.94
5 99.94 98.30 99.14 99.12
6 97.99 98.46 98.46 98.32
7 99.03 98.93 98.93 98.95
8 99.79 99.03 99.40 99.41
9 99.14 99.40 99.40 99.35
10 99.63 98.93 99.52 99.36

M5 UINT 95 szansmnlumsi

4 A nl5umneg

[

A

d80u Basic red 46 Tag141/Sinaid To laduinsgiu

P

g

Ysuadlelad 1 1 171 2 7 3 Aunay
0 0 0 0 0
0.1 40.00 38.34 39.43 39.25
0.2 50.98 48.22 46.20 48.47
0.3 52.94 50.59 49.79 5111
0.4 66.67 67.98 68.12 67.59
0.5 68.23 69.96 68.92 69.04
0.6 75.69 74.31 74.10 74.70
0.8 81.96 78.66 76.89 79.17
1 82.35 79.45 79.28 80.36
1.5 83.92 80.24 80.07 81.41
2 83.53 80.63 79.68 81.28
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Ysuadlelad i 1 i 2 i 3 Aunae
2.5 84.31 79.84 80.47 81.54

3 82.35 81.42 78.08 80.62

35 81.18 77.07 76.09 78.11

4 78.82 75.49 76.49 76.93

M1 96 Uszansanlumsi

[

g

29 . 9y v v 1
89 Basic red 461@81‘]5538&3@’]@'%”?(@’]\1@]

E4 [l

EZ [l

a1 (W) 19 1 19 2 1 3 Aundy
0 0 0 0 0
2 15.02 14.62 12.79 14.14
6 25.30 22.92 25.59 24.60
10 28.06 30.43 29.59 29.36
20 34.78 36.76 33.99 35.18
30 39.92 44.66 41.99 42.19
40 49.01 46.64 48.79 48.15
60 58.50 54.94 52.80 55.41
90 60.47 55.73 58.00 58.07
120 62.05 63.64 60.80 62.16
150 70.36 72.73 70.00 71.03
180 78.26 80.24 79.20 79.23
240 80.63 81.03 80.00 80.55
330 81.03 81.82 81.60 81.48
360 80.24 80.24 81.60 80.69
420 81.82 80.63 83.20 81.88
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Y [

Y [

4 [

ANMTNTUE (un./a.) 419 1 419 2 19 3 Aunao
0 0 0 0 0
10 85.47 85.05 85.26 85.26
20 84.00 83.20 82.00 83.07
40 74.71 70.73 74.92 73.45
60 71.59 72.10 69.00 70.90
80 66.60 70.42 68.99 68.67
100 73.18 70.63 70.63 71.48
120 65.47 68.03 67.39 66.96
140 67.13 66.02 66.30 66.48
160 70.64 68.81 70.64 70.03
180 71.11 69.01 70.48 70.20

200 66.00 67.52 62.40 65.31

M5198uInH 98 Uszansamnlumsi

(We%) N 2-10

[

A
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Fdou Basic red 46 TaglSumanuilunsa-ag

P2

e

Niow 19 1 171 2 7 3 AunaY
0 0 0 0 0
2 2231 20.55 15.41 19.43
3 46.22 47.04 42.69 45.31
4 64.54 66.01 62.45 64.33
5 79.68 80.63 78.26 79.52
6 85.66 83.40 80.63 83.23
7 88.45 87.75 87.35 87.85
8 87.65 86.56 88.14 87.45
9 80.88 83.00 84.58 82.82
10 78.49 79.84 82.21 80.18
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MI9UINT a1 UTZANTNNIINAMUAY

9
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2 [l

A4

Y [

ANUTUTUFNN/A.) 19 1 1 2 #1913 Aunde
0 0 0 0 0
1 97.37 98.14 97.88 97.80
2 91.78 93.73 93.31 92.94
4 83.18 83.90 83.48 83.52
6 71.36 72.80 72.04 72.07

MIINUINN 92 Uszaninmaesdasims lualuszuunuvasiioslumsiiniad

Y [

sasmsva @as/aTug) 19 1 11 2 1 3 AR
0 0 0 0 0
0.9 81.09 84.08 80.92 82.03
1.2 66.91 65.89 67.41 66.80
2.4 50.36 51.49 58.67 50.93
3.0 29.88 30.27 33.23 31.13
3.6 22.79 22.69 27.67 22.74
4.8 18.06 17.38 12.57 17.72
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Y [

£ [l

Y [

a1 (W) 19 1 19 2 19 3 Aunde
0 0 0 0 0
15 79.18 78.36 71.32 76.29
30 72.64 70.78 69.43 70.95
45 63.12 58.88 57.68 59.89
60 52.42 48.33 47.33 49.36
120 36.17 35.07 34.64 35.29
180 23.87 24.79 23.82 24.16
240 23.27 23.17 21.00 22.48
300 19.70 22.90 18.18 20.26
360 15.54 15.60 16.30 15.81

d' a A o w A =~ o [ 4 (Y [
A NANUINT 4 ﬂszﬁmmwiumsmmﬁi%maﬂa“laﬁmsfq“luﬂaauu NNy 28 NTY

Tuszvuthauuusestie

P

I

a1 (u) 19 1 19 2 7 3 Aunay
0 0 0 0 0
5 39.61 40.12 36.13 38.62
15 23.35 27.35 24.95 25.22
30 21.02 21.76 21.76 21.52
60 17.15 16.17 20.16 17.83
120 11.73 12.98 12.18 12.30
180 3.99 5.79 3.40 4.39
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Y [

Y [

a1 (W) 19 1 519 2 17 3 Aundy
0 0 0 0 0

5 70.06 74.22 71.86 72.05

15 48.44 51.67 49.50 49.87

30 34.30 35.56 32.12 33.99

60 27.65 31.53 32.12 30.43

120 18.50 22.67 21.36 20.84
180 12.68 13.81 15.57 14.02

d‘ a A o w A =~ o v Jd o w
MAINNNUINN V6 ‘]Jigﬁ‘l/]‘ﬁﬂ1wcl‘11lﬂ'lﬁﬂ'ﬁ]ﬂﬁ1ﬂEliJ'JaGU@\‘l“BI@]laﬁﬂiﬁﬂiuﬂ@ﬁﬂulﬂ?ﬂﬂ 56

a5y luszuviniauuuaonie

4 [

Y [

a1 (W1N) %19 1 %19 2 1 3 Aunae
0 0 0 0 0
5 75.22 75.03 72.61 74.29
15 66.71 69.80 65.16 67.22
30 59.74 62.84 61.29 61.29
60 57.42 56.64 55.09 56.38
120 42.70 41.16 38.83 40.90
180 18.70 21.02 21.02 20.25
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d' a o @ [ Aa A o w g’ = = . oy a o o Y 4 9
ATNNUINN N1 Waﬂl@ﬁﬂﬁu’]ﬂnﬁﬂﬂﬂcﬁﬂﬂﬂﬂﬁgﬁ‘l’lﬁﬂ']Wﬂ']ﬁUTUﬂu']ﬁ Astrazon Blue Li0g @ Basic red 46 GluuuﬁﬂﬁﬂlﬂﬁWzWIﬂﬂﬁlslf"]fiﬂula@m']ﬂlfn

9 1 ~
YIUOBY(AURAY = S.D.)

Adou (dyes)

Ysinaii e lag (n$a) Astrazon blue A1 1AY Astrazon blue A1 1Ay Basic Red46 gacii1s Iy Basic Red46 A 1ag
Flo'laannidmnudes F10'ladnAsgIu 4A F1o'ladnnidmnudes F10'ladnsgIu 4A
0.1 80.14"£1.53 93.99°+0.77 38.53'+3.08 39.25°+0.81
0.2 95.36"+0.13 95.22"+ 0.29 47.23°+1.38 48.47°£2.34
0.3 95.61%+0.79 96.28°+0.23 54.15+2.23 51.12% 1.64
0.4 98.86"£0.64 98.63"40.49 67.19°+ 1.12 67.59°+ 0.80
0.5 99.27%£0.25 99.29" £0.30 69.30"+ 0.92 69.04°+ 0.87
0.6 98.417% 1.23 98.94%'+ 0.14 74.90% 0.59 74.70"+ 0.86
0.8 98.24%+ .88 99.05""+ 0.14 80.83"+ 0.86 79.17"£2.57
1.0 99.19% 0.46 99.23%'+£0.04 79.97""+ 0.60 80.36"+ 1.73
1.5 97.25“£0.79 99.21%"+ 0.22 79.45"™"+£ 335 81.41£2.18
2.0 96.84°“+ 1.04 98.83%"+ 0.28 80.50%"+ 1.78 81.28"+2.00
2.5 97.57""%+ 1.31 98.17°% 0.23 80.70"+ 0.98 81.542.41
3.0 98.38°%+ 0.82 98.09°% 0.05 79.64""+ 0.20 80.62£2.24

48!
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MINHUINN 21 (D)

FAdon (dyes)

ﬂ§mmmﬂ“1aﬁ (fﬁl') Astrazon blue ﬂﬂ‘ﬁ?ﬂiﬂﬂ Astrazon blue @,ﬂﬁﬁﬂiﬂﬁl Basic Red46 @ﬂ“ﬁluiﬂﬂ Basic Red46 @'Wfﬁﬂﬂﬁl
#1oladnndudon F1oladunsgIu 4A #1oladnndudon 310 laduasgIu 4A
35 97.66°"+0.69 97.81°£0.38 76.88+2.58 78.11'+2.70
4.0 96.35™'+ 1.22 97.26"+ 0.40 77.28"%+ 1.96 76.93%+ 1.70
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v o [ a 3 N % 1 o 1 4 1 v o Aaa v o w a,
HNNELTIA ﬁ’J@ﬂEiﬂWHTﬁNﬂﬂHWNWLaﬂﬁ@NﬂU ‘Vi‘JJ"IfJaQ UANULANANNUYDIAUN AT 1NN B @W?QﬁﬂﬁﬁigﬂUUﬂﬁWﬂﬂJ 0.05 (p<0.05) AT
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MINWUINN N2 HaveITzAdUAanalsed@nsn1nmsUiUating Astrazon Blue LLas @ Basic red 46 Gluu’]LﬁfJﬁQlﬂﬁW%‘ﬁIﬂﬂi%“ﬁi@qﬁ@ﬂWﬂmW

9 1 ~
YIUOBY(AURAY = S.D.)

Adou (dyes)

nan (i) Astrazon blue A1 1AY Astrazon blue A1 1Ay Basic Red46 gacii1s Iy Basic Red46 A 1ag
Flo'laannidmudes F10'ladnAsgIu 4A F1o'ladnnidmnudes F10'ladnsgIu 4A
2 88.46'+2.11 88.06"+2.02 13.44°+ 0.40 14.14°+1.19
6 91.52"+ 1.26 89.33'+ 1.74 25.22°+0.08 24.6"+1.48
10 94.11°+0.61 92.38"+2.15 27.08°+0.20 29.36°+1.20
20 95.77+0.78 92.9"+2.09 37.08°+0.32 35.18'41.43
30 98.80°+ 0.64 94.38°£2.17 41.90°+ 0.80 42.19°+2.38
40 99.21° 1.34 98.43+ 1.58 49.17+0.21 48.15% 131
60 98.11°+ 0.92 99.27°+0.15 55.34°+0.20 55.41%+2.88
90 98.48°+ 1.24 99.46°+ 0.06 56.34°+ 0.44 58.07"+ 1.42
120 99.43+ 0.18 99.71°+0.10 61.39"+0.76 62.16'+ 1.48
150 99.23°0.25 99.48°0.32 66.30"+0.10 71.03"+0.99
180 99.08°+ 0.32 99.46°+ 0.42 72.95+0.27 79.23£0.52

240 98.64°+ 0.39 99.14°+ 0.44 81.10+0.27 80.55+ 0.41

148!



MSNUINT 22 (91D)

Adou (dyes)

nan (i) Astrazon blue A1) 1AY Astrazon blue A1 1Ay Basic Red46 gacii1s Iy Basic Red46 A 1ag
Flo'laannidmnudes F10'ladnAsgIu 4A F1o'ladnnidmudes F10'ladinsgIu 4A
330 99.59°+ 0.36 99.21°+0.11 80.37'+ 0.44 81.48"£0.79
360 98.96°+ 0.57 98.82°+ 0.66 80.43'+ 1.05 80.69+0.79
420 98.86"+ 0.33 98.92°+ 0.62 80.10'+ 0.22 81.88"+ 1.29

A o g Y [

v o [ a I N % 1 @ 1 { 1 o Aaa v o a,
HNNELTIA ﬁ’J@ﬂEiﬂWHTﬁNﬂﬂHWNWLaﬂﬁ@NﬂU ‘Vi‘JJ"IfJaQ UANUUANA NN UYDIA U DDLU T B ﬂJ‘VI"Nﬁﬂ@]ﬁﬁ%ﬂ‘]Juﬂﬁ”l 2 0.05 (p<0.05) AT
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MINHUINN 23 HAVBIANUUINTUVOIFN0YT2aNTNINNI511IAYE Astrazon Blue 1Las & Basic Red 46 Gluu'llﬁﬂﬁﬂlﬂﬁ']gﬁjﬂﬂﬁlsﬁcﬁjﬂqaﬂﬂ']ﬂ

i udos (AunaY £ S.D.)

Adou (dyes)

anutuduadeu@n/a.) Astrazon blue A1 1AY Astrazon blue A1 1Ay Basic Red46 gacii1s Iy Basic Red46 A 1ag

Flo'laannidmnudes F10'ladnAsgIu 4A F1o'ladnnidmnudes F10'ladnsgIu 4A

10 99.74°+ 0.24 99.80%+ 0.12 85.24°+0.51 85.26£0.21
20 99.45°+ 0.61 99.05%+0.17 83.77°+ 1.24 83.06'« 1.00
40 98.04%+ 0.37 97.56+0.51 78.4542.17 73.45°£2.36
60 97.26"+ 1.09 95.66°+ 0.17 71.19%+1.93 70.90%+ 1.66
80 98.18%+ 0.43 94.44°0.15 69.43°+2.05 68.67°'+ 1.93
100 97.23%% 0.40 94.43°+0.15 72.24°+ 1.93 71.48%+ 1.48
120 86.13"+ 0.84 87.27°+ 1.42 66.64+ 1.29 6697+ 1.33
140 87.32%+0.86 85.75°+ 1.85 66.15" 0.84 66.48"+ 0.58
160 88.27°+ 1.86 86.25°+ 1.33 66.42"+ 0.84 70.19°“+ 3.00
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~ J
3o laduinsgiu 4A

160 88.27°+ 1.86 86.25"+ 1.33 66.42"+ 0.84 70.19°+ 3.00
180 87.47%+ 0.90 87.42°+0.92 69.71%+ 1.06 70.20“+ 1.07
200 85.55"+ 1.42 80.97°+ 1.14 66.09°+ 0.43 65.3"£2.63
v W @ a Sd A @ SR A 1 @ [ A 1 A v o w Aaaa 1% v o w ax
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Flo'laannidmnudes F10'ladnAsgIu 4A F1o'ladnnidmnudes F10'ladnsgIu 4A
2 16.27°+1.09 16.80°+0.64 15.09" +1.58 19.42° +£3.59
3 83.27°+ 1.77 82.26"+ 0.81 52.82"+1.94 45.32° 4231
4 98.88°+1.12 93.94°+0.29 86.99' +1.24 64.33° £1.78
5 98.94°+0.82 99.13+0.82 90.91" £0.40 79.52 +1.19
6 99.43°40.82 98.30°+£0.27 87.74° £ 0.63 83.23'+2.52
7 99.51°40.52 98.95°+0.07 88.68% +0.77 87.85°+ 0.60
8 98.86°+0.84 99.41°£0.38 89.57" £0.24 87.45° +0.80
9 99.71°£0.23 99.31+0.15 90.17"% 0.21 82.82° £1.86
10 99.59°+0.04 99.36'+0.38 83.27°+0.13 80.18" +1.88
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1 97.8'+0.39
2 92.94+ 1.03
4 83.52°+ 0.36
6 72.07°+0.72
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1.2 66.74°+0.77
2.4 50.93%0.79
3.0 31.13°+1.83
3.6 22.74" £ 0.07
4.8 16.00" +£2.99
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30 70.95%+ 1.61
45 58.28'£0.85
60 49.36°£2.70
120 35.29°£0.79
180 24.16°+0.55
240 22.48%+ 1.28
300 20.26°+2.41
360 15.81°£0.42
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5 38.62+2.17 72.05"2.09 74.29"% 1.46
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30 21.51°0.43 33.99 % 1.74 61.29°+1.55
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